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INDICATORS FOR CARBON DIOXIDE AND OXYGEN 
IN AIR AND FLUE GAS. 


By L. H. Muniean, D. O. Cries, and W. S. Witson. 


INTRODUCTION. 


There is need of a simple and reasonably accurate instrument for 
indicating the proportion of carbon dioxide in the air that people 
who work in confined places breathe, and also in the flue gas of boiler 
furnaces. The former purpose serves the health and safety of human 
beings; the latter permits better control of furnace conditions and 
thus aids efficiency in the use of fuel. Instruments designed in 
the chemical research laboratory at the Pittsburgh experiment sta- 
tion of the Bureau of Mines are described in this paper. 


THE NEED FOR INDICATORS. 


Aside from the presence in the air of toxic gases like carbon | 
monoxide, the greatest danger to men working in inclosed spaces 
comes from changes in the normal composition of the air, chiefly an 
increased proportion of carbon dioxide or a decreased oxygen con- 
tent. These conditions generally accompany one another because 
processes of organic oxidation (fires, the breathing of an animate 
being, the surface oxidation of coal in a coal mine, etc.) convert oxy- 
gen of the air into carbon dioxide. When a man breathes air con- 
taining more than 2 per cent carbon dioxide, for any length of time, 
his working efficiency is reduced, and he is in considerable danger 
when the air contains more than 4 per cent carbon dioxide or less than 
13 per cent oxygen. Instruments with which carbon dioxide and 
‘oxygen can be determined will give warning of danger in time to 
avert it. As part of its investigations to increase safety in the 
mineral industries, the Bureau of Mines has taken up the develop- 
ment of such instruments. Fuel is burned most efficiently when the 
oxidation is complete, and in burning coal, coke, petroleum, natural 
gas, or other carbonaceous material, this condition is most nearly met 
when the flue gases have a high carbon dioxide content. Therefore 
one method of maintaining high efficiency in a power plant is to de- 
termine the carbon dioxide in the flue gas at frequent intervals and 
then operate the furnaces intelligently. 
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2 CARBON DIOXIDE AND OXYGEN IN AIR AND FLUE GAS. 


In the laboratory, analyses of air or flue gas are made with various 
stationary types of gas-analysis apparatus. When it is necessary to 
obtain immediate results in the field, portable types are used.* But 
even a portable gas-analysis apparatus is often unsatisfactory. It 
is generally bulky, heavy, more or less fragile, and difficult to trans- 
port. An experienced chemist or at least an especially trained man 
must operate it. 

Numerous devices have been designed for special purposes in the 
attempt to overcome these difficulties and obtain instruments which 
could be operated with at least a fair degree of accuracy by a lay- 
man with a few preliminary instructions. Many such devices are 
on the market; some are good, some absolutely worthless. Hence 
there is a demand for gcod, simple, portable instruments for quan- 
titatively indicating carbon dioxide and oxygen in air and flue gas 
with moderate accuracy. 


DEVELOPMENT OF THE INDICATORS. 


In connection with a study made by the Bureau of Mines of the 
quantity of gasoline vapor in sewers, a simplified device was devel- 
oped for the determination of gasoline vapor by combustion when 
it was not present in sufficient quantity to form an explosive mix- 
ture with air. The instrument was a glass apparatus, a sketch of 
which is shown in figure 1. The gas sample is obtained by opening 
the stop cock @ and blowing into the rubber tube 7 until the water 
from f and e is blown up into d, filling the space 6 up to the stop- 
cock. The tube is released; the water drops to its original level in d 
and rises in e and f to the zero mark on the scale g. This proce- 
dure sucks a sample of the air to be analyzed into the space d. The 
stopcock is then closed and the platinum glower ¢ heated red-hot by 
the current from a portable battery. This burns out the gasoline 
vapor inthe sample. The heat during the burning causes the sample 
to expand and forces the water from f up into the bulb 2. When 
combustion is complete the glower is turned off and the apparatus 
shaken to bring the residual gases into contact with the water in d. 
and cool them to room temperature. The combustion has caused a 
contraction, in the sample volume, which is proportional to the amount 
of gasoline vapor present. This causes the level of the water in the 
gage glass f to drop to a point on the scale which has previously been 
calibrated to read per cent gasoline vapor. 

This instrument proved so satisfactory for the determination of 
gasoline vapor in air that a similar instrument was made of metal, 


t 


*See Bull. 42, Bureau of Mines, The sampling and examination of mine gases and 
natural gas, by G, A, Burrell and F, M. Seibert, 1913, 113 pp. 

’Sece Burrell, G, A., Description of a portable gas detector, Jour. Ind. and Eng. Chem., 
vol. 8, April, 1916, p. 365. 
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RESULTS OF THE INVESTIGATIONS. 3 


chiefly for the determination of methane in mine air but also for 
hydrogen and other combustible gases. A Bureau of Mines report 


is in preparation describing further develop- 
ment of the indicator for combustible gases 
and results obtained with different types of 
instruments. ' 


The principle involved in these devices is ; 


simple and the instruments themselves are 
so easy to operate that it seemed desirable 
to develop similar indicators for carbon di- 
oxide and oxygen. The work described in 
this paper was undertaken with this pur- 
pose, under the direction of G. A. Burrell, 
who developed the original gasoline vapor 
and methane indicators, and was in charge 
of the war gas investigations for the Bureau 
of Mines at the time of this work. 


RESULTS OF THE INVESTIGATION. 


As a result of this investigation three 
instruments have been developed which are 
described in detail herein—one for carbon 
dioxide in air, one for carbon dioxide in 
flue gas, and one for oxygen in air. 


AN INDICATOR FOR CARBON DIOXIDE IN ATR, 


This instrument, shown in Plate I, A (p.4), 
is calibrated to read from zero to 5 per cent 
CO,, and the results obtained with it are 
accurate to within about + 0.2 per cent— 
that is, if the true amount of CO, in the 
air were a per cent the reading on the 
indicator might be x per cent + 0.2 per 


AY 
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Figure 1.—Apparatus for 
rapid determination of 
gasoline vapor in air. a, 
Stop cock; b, sample 
chamber; c, glower; d@ 
and e, water reservoirs ; 
f, gage glass; g, scale; 
h, reservoir; i, rubber 
tube. 


cent. For convenience the instrument has been mounted in a wooden 
case (see P]. I, 8), together with the indicator for oxygen in air. 


AN INDICATOR FOR CARBON DIOXIDE IN FLUE GAS. 


This instrument, shown in Plate II (p. 12), is calibrated to read 
from zero to 17 per cent CO,, and the results obtained with it are 
accurate to within about + 0.5 per cent. The apparatus is so arranged 
that the flue gas is filtered and cooled before being taken into the 


sample chamber of the indicator. 
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4 CARBON DIOXIDE AND OXYGEN IN AIR AND FLUE GAS, 
AN INDICATOR FOR OXYGEN IN AIR, 


This instrument, shown in Plate III, B (p. 18), is calibrated to 
read from zero to 23 per cent O,, and the results obtained with it are 
accurate to within about + 0.5 per cent. For convenience it has been 
mounted in a wooden case, together with the indicator for carbon 
dioxide in air. 


INDICATOR FOR CARBON DIOXIDE IN ATR. 


DESCRIPTION AND METHOD OF OPERATION. 


The indicator for carbon dioxide in air is shown in Plate I, A, 
and the case in which it is mounted, together with the oxygen indi- 
cator, in Plate I, B. Essentially this instrument is similar to the 
indicator for gasoline vapor shown in figure 1, but the carbon diox- 
ide is absorbed in a solution of caustic soda (NaOH), with which 
the instrument is filled. Certain special features of this indicator 
are discussed in subsequent pages. 

The procedure in using the indicator is as follows: First, open 
the needle valve at the top of the capillary tube by unscrewing 
the valve about two turns. The caustic soda solution should stand 
at the point “L” on the scale. (See Plate I, A.) To collect the 
sample, blow into the rubber tube until the level of the liquid rises 
in the sample bulb to the bottom of the capillary tube. Release the 
rubber tube and permit the liquid to return to the point “L” on 
the scale. Again blow into the rubber tube until the level of the 
liquid rises in the sample bulb to the bottom of the capillary tube. 
Then release the rubber tube, allow the level of the liquid to rise to. 
“L” on the scale, and quickly screw the needle valve shut. Pinch 
the rubber tube (a convenient method of doing this is to hold it 
tightly against the side of the wooden case) and shake the instrument 
vigorously up and down for about a half minute. Then release the 
rubber tube, and read the indication. Pinch the rubber tube again 
and repeat the shaking. If the second indication after releasing the 
rubber tube and taking a reading is the same as the first, this is the 
percentage of carbon dioxide in the air. If the indication changed 
appreciably between readings, repeat the shaking and reading until 
the indication is constant. 


LIQUIDS USED IN THE INDICATOR. 
The solution used in the indicator to absorb the carbon dioxide is 
made by dissolving 10 grams of electrolytic stick sodium hydroxide 


in 100 c. ce. of water, and has a specific gravity of 1.11 at 15° C. 
This comparatively dilute solution is used because more concentrated 
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A. Indicator for carbon dioxide in B. Case for carbon-dioxide indicator and 
air. For convenience the indi- oxygen indicator. 
cator for oxygen in air (see Pl. 
111, B) is mounted in the same 
case. 
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INDICATOR FOR CARBON DIOXIDE IN AIR. : 5 


caustic solutions stick in the capillary tube and adhere more readily 
to the walls of the sample chamber. Fresh caustic solution should 
be put in the indicator when the rate of absorption becomes slow or 
when enough suspended matter has gathered in the liquid to inter- 
fere with the operation of the indicator. 

In the early experiments with the indicator 
it was found that an appreciable amount of 
carbon dioxide was absorbed by the caustic 
solution while the sample was being drawn 
in, before the needle valve was closed. This 
made the final indication low, especially for 
mixtures of high carbon dioxide content. The 
absorption during sampling was largely pre- 
vented, however, by covering the surface of 
the caustic solution in the sample chamber 
with a thick layer of Russian white oil. 
Thirty-eight c. c. of this oil (one brand of 
which is sold in drug stores under the name 
of “nujol”) were used. The oil had a specific 
gravity of 0.848 at 20° C. , 

At first the oil gave trouble when the in- 
strument was shaken, by migrating into the 
gage glass and displacing the “L” reading, 
on account of the difference in specific gravity 
between the oil and the caustic solution. This 
migration was, however, finally prevented by 
making a large glass projection, perforated 
at the end, which extended into the large 
bulb of the indicator from the bottom. This 
is clearly shown in figure 2, which is a 
drawing of the glass part of the indicator. 


FicurE 2,—Glass part of 
the indicators for car- 
bon dioxide and oxygen 


Pinching the rubber tube shut during shaking 
' helps to limit the movement of the liquid 
in the gage glass and is therefore an 
advantage. 

To fill the indicator, the needle valve and the 
rubber stopper in the gage glass are removed 
and about half enough caustic solution is 
poured in through the gage glass. Then 38 


in alr. a, Rubber tube; 
b, glass tube; c, rubber 
stopper; d, gage tube 
(carbon dioxide indica- 
tor 4.4+0.1 mm. bore, 
oxygen indicator 
8.0+0.1 mm. bore) ; e, 
sample chamber (car- 
bon dioxide indicator 
38 ¢. ¢., Oxygen indi- 
cator 28 c, c.). 


c. c. of Russian white oil is added to the sample chamber through 

the capillary tube, and finally enough more caustic solution is 

added through the gage glass to bring the caustic to exactly the 

“I” mark on the scale. This should bring the surface of the oil 

to about the middle of the constriction at the bottom of the 

sample chamber, and will, therefore, define the volume of the 
142763°—20—2 
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6 CARBON DIOXIDE AND OXYGEN IN AIR AND FLUE GAS. 


air sample taken by the indicator. The level of the oil must always 
be at this point when the caustic solution in the gage glass stands 
at “L.” The top of the gage glass and the capillary are wiped 
off and the rubber stopper and valve replaced. The indicator is 
then ready for use. 


DIMENSIONS OF THE INDICATOR. 


The capillary inlet tube is restricted just where it is sealed on the 
sample chamber and is bent, as is shown in figure 2, in order to pre- 
vent the minute drop of liquid that sometimes catches in the tube 
when the indicator is shaken, from being blown into the brass valve 
when the next sample is taken. If any liquid from the indicator 
does get into the brass valve or humidifier (say by allowing the in- 
dicator to lie on its side for a time or by accidentally knocking it over 
when the needle valve is open) these parts must be taken off and 
thoroughly washed with dilute acid (vinegar will do) and then with 
water. 

The bulb at the bottom of the gage glass must be at least as large 
as the sample volume, in order to prevent the operator from blowing 
air from the gage glass into the sample chamber. 

The gage glass of the indicator must be of uniform inside 
diameter because the calibration curve is a straight line only for 
uniform tubes (see discussion of theoretical calibration, on page 9). 

The sample volume was arbitrarily chosen as 38 c. c. and the in- 
ternal diameter of the gage glass 4.4 mm., these being convenient 
dimensions to give the indicator the desired range. If duplicate 
indicators were made up taking a 38-c. c. sample, the inside diameter 
of the gage glasses on these instruments would have to be 4.4 mm. 
+ 0.1 mm., if the calibration curve of figure 7 (p. 12) is expected to 
hold at all satisfactorily for them on high percentages of CO,. 

In the early experiments the glass part of the indicator was made 
without a reduction of the tube diameter at the level of the liquid in 
the sample chamber. Later experiments showed that a restriction 
at this point increased the accuracy. As the instrument is cali- 
brated for a certain definite sample volume it is necessary that the 
liquid in the large tube return to the proper point when the sample 
is taken; but it is easy to make a mistake in this point when filling 
the indicator with solution—hence if the diameter of the sample 
chamber at the level of the liquid is large the sample volume is 
changed an appreciable amount and the results of the analysis are 
in error. The amount of this error for a displacement of + 2 mm. 
in the level of the liquid in the sample chamber, for a 38-c.c. sample 
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INDICATOR FOR CARBON DIOXIDE IN AIR. 7 


of air containing 4 per cent CO,, is approximately as follows, by cal- 
culation: 


Diameter Readings for + 2mm. 

at bottom of | displacement of the level 

samplecham- | of the liquid, with 4 Pe 
ber. cent of CO, present. 


Inches. Percentage of CO. 
1.5 S70 ana, 5 


75 3.94 and 4.06 


The use of a smaller diameter than 0.75 inch is not practicable, be- 
cause the liquid can not then be satisfactorily shaken up into the 


sample chamber. 


LETT 
THE HUMIDIFIER. = 


A “humidifier” is used on the 
carbon dioxide indicator to pre- 
vent the humidity of the air sam- 
ple, which may vary between wide 
limits, from affecting the percent- 
age of carbon dioxide indicated by 
the instrument. The humidifier 
consists of a brass tube containing 
moist cheese cloth, which is at- 
tached to the inlet valve of the 
indicator, and is shown in figure 
3. When the operator blows into 
the rubber tube of ‘the indicator 
preparatory to taking a sample, Ficurm 3.—Brass needle valve and hu- 
the air in the sample chamber is bein onic 2 chin tdlinebee 
expelled through the needle valve —inict pall valve; ¢, copper gauze; d, 
and the upper ball valve, the lower Raciaides fier “eaetee take 
ball valve seating itself. When h, needle valve; ¢, rubber gasket; j, 
the sample is taken, the upper split collar; k, glass capillary at top 

7 of sample chamber, 
valve seats and the sample is drawn 
through the moist cheese cloth and is thus saturated with water 
vapor. There is always a slight leakage around the ball valves, which 
permits the liquid in the indicator to come to its original level, but 
this leakage is not sufficient to appreciably affect the percentage of 
carbon dioxide indicated. 

The addition of the humidifier to the instrument is necessary be- 
cause the original air sample may have any relative humidity up to 
saturation with water vapor at the temperature of the air, whereas 
after absorption of the carbon dioxide in the caustic solution the 
residual gas has a humidity corresponding to the vapor pressure 
of the solution at that temperature. The change in humidity is 
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8 CARBON DIOXIDE AND OXYGEN IN AIR AND FLUE GAS. 


brought about by water vapor being absorbed from the solution by 
the sample or absorbed from the sample by the solution, and the 
accompanying expansion or contraction of the sample correspond- 
ingly diminishes or increases the indicated percentage of carbon 


dioxide. 


The proportion of water vapor in the sample may be relatively 
large as is shown by the following figures for saturated air: 


Proportions of water vapor in saturated air, 


"@sscskz 


Temperature, 


Water vapor, percentage by volume__ 0. 87 


hp 
7 
Ki 


ow 


a oS 


to 


10 
1. 21 


20 
2.3 


30 oe 
4.2 

The vapor-pressure curve of the sodium 
hydroxide solution used in the indicator 
follows closely the curve for distilled 
water (see figure 4). Ifthe air sample is 
saturated with water vapor when it is 
drawn in, then the contraction due to the 
absorption of this vapor is a small but 
definite quantity for each temperature, 
and for ordinary ranges of air tempera- 
tures in which the indicator will be used 
averages about one millimeter. The hu- 
midifier saturates each sample of air with 
water vapor, and the small amount of 


VAPOR PRESSURE, MM. OF MERCURY. 


water vapor removed by the caustic solu- 
tion is accounted for in the calibration. 

In order to show experimentally that 
humidification is necessary, samples of 
room air containing no carbon dioxide 
were analyzed, with and without the hu- 
midifier attached. The results were read 
in millimeters, plus if the reading was below the original level of 
the liquid, and minus if above. 


8 


4 8 12 16 2 
TEMPERATURE, ° C. 
Ficure 4.—Vapor pressure curve 

for distilled water (curve @) 
and for the sodium hydroxide 
solution used in the carbon 

dioxide indicator (curve b). 


0 


Results obtained on pure air, showing the effect of using the humidifier with 
the carbon dioxide indicator. 


Test No. Condition of sample. Reading (mm). 
154 Al Not humidified... -—2 
ya Perse 0.5.2 ,2443%6 —3 
3 Humidified . +4 
Bf A ikecsansawasadesbecssesesecs + 3 
| a Peeves Wig hscasssessecssanp sewer acacia +3 


The 6 millimeter difference between these readings, which might 
be caused by humidity variations if the humidifier were not used, 
would correspond on the scale to about 0.3 per cent CO,, which is too 
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iarge an error to be permissible. The indicator scale used with the 
humidifier was marked with an “lL” where the level of the liquid 
stands in the gage tube with the needle valve open. “Zero per cent 
CO,” is below this mark and is the point where the level of the solu- 
tion stands after analysis of an humidified sample of air which con- 
tains no carbon dioxide. 


EFFECT OF TEMPERATURE CHANGES, 


The temperature of the indicator should be the same as that of the 
atmosphere in which it is used. Therefore, when the indicator is 
taken from warm air into cold or vice versa, sufficient time must be 
allowed for the instrument to gain approximately the new tempera- 
ture, because the sample when taken will have a temperature nearly 
the same as that of the surrounding air, while after absorption of 
the CO,, the residual gas will have approximately the temperature 
of the liquid in the indicator. If these temperatures differ, an ex- 
pansion or contraction will have taken place, because of the tempera- 
ture change, which affects the indicated percentage of CO,. The 
sample, when taken, must not be permitted to stand in the indicator, 
because some of the carbon dioxide would be prematurely absorbed. 
After absorption, it might be possible to wait a little while to permit 
the sample chamber, which is “air jacketed” by the surrounding 
atmosphere, to regain approximately its original temperature, but 
this procedure is likely to be tedious and rather uncertain. 

If the original temperature of the indicator were 20° C. then a 
change of 1° C. between the temperature of the sample when the 
inlet valve was closed and the residual gas when the reading was 
made would theoretically affect the results by approximately #4, 
or 0.34 per cent. 

Actually a much greater difference than 1° C, between the tem- 
perature of the indicator and that of the surrounding air will be 
required to produce an error of this magnitude, because of the 
tendency of the sample to gain the temperature of the instrument 
while it is being taken in, and the tendency of the residual gas to 
gain the air temperature before the reading is made. However, in 
general it may be said that the indicator is decidedly sensitive to 
temperature changes. 

The indicator was at the temperature of the surrounding air 
when the analyses recorded in this paper were made. 


THEORETICAL CALIBRATION, 


A theoretical calibration for the CO, indicator must take into 
account the following factors: 
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10 CARBON DIOXIDE AND OXYGEN IN AIR AND FLUE GAS. 


1. Volume of the air sample. This is a constant quantity. 

2. Diameter of the gage glass. This is uniform. 

8. Effect of humidity. 

4. Diminution of pressure on the sample after absorption of the 
CO,, due to the difference between the level of the liquid in the gage 
glass and that in the sample chamber. 

The CO, indicator has a sample volume of 38.0 c. c. and a gage- 
glass diameter of 4.4 mm. 

In figure 5, 


ACCC ewe a oe 
SA A A er es 
Pa lB A Avge Ge oe 
oL TTT TTT TTT et YT | ot 00, present 
sLETT T_T TTT TA] [ot [| ana the equiva- 
BERR 4ae eee lent contraction 


ae Ze Sea eee Pte of the sample, 
—. ERP ar aes 


the sample being 
pee to have 
| the same humid- 


snice the same 


ae ae 
0.8 BEE eee aroha ets 
BEY, Sa SESS absorption of 
PTAC CTT | the exo Si 

BQ CSR E ASE we, 
CEE its es 
CA oe Te OTS eartita wate 
Aree aoe eh oie Veh would be 5 per 
Alt IT Tt ttt tt | tT | cent of 880 c.c,, 
ARR RMERRR RSA AA 


i of 1k a, AS EO ak RE ae, eh Fe-ene 
CARBON DIOXIDE, PER CENT. point on the 
Ficure 5.—Curves showing relation of carbon dioxide percentage to curve. 
contraction of sample, for calculating the theoretical calibration 
of the indicator for carbon dioxide in air. a, Measured under This curvecor- 
atmospheric pressure and humidity; b, measured under atmos- rected for hu- 
pheric pressure, corrected for humidity ; ce, corrected for pressure 
soa humbdtty. midity becomes 
curve b in figure 
5. The average amount of water vapor that is removed from the 
humidified sample at ordinary temperatures by the caustic solution 
is +45 X38.0 ¢. c., or 0.05 ¢c.c. This is a constant, independent of the 
amount of carbon dioxide present, and applied to curve a gives the 


curve 2. 
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The curve 6 corrected for the diminished pressure under which 
the sample is measured after absorption of the carbon dioxide, be- 
comes curve ¢ (fig. 5). The contraction of the sample is just equal 
to the volume of the gage glass between the original level of the 
liquid and the final level after absorption of the carbon dioxide. 


To calculate the curve ¢ (see fig. 6): 
Let « = the distance in centimeters 
on the gage glass between the origi- 
nal and final level of the liquid; let 
y = the distance in centimeters on the sam- 
ple chamber neck between the original and 
the final level of the liquid. Then the vol- 
ume of the gage glass in c. c. between the 


original and the final level of the liquid is ¢ 


(a) (radius of gage glass)*, or 0.1527; the 
volume of the sample-chamber neck be- 
tween the original and final level of the 
liquid is x(y)(radius of sample-chamber 
neck)?, or 3.14y. These two volumes are 
equal, and, therefore, y=0.04842. 

The area of the large tube at the junction 
between the caustic solution and oil is z(ra- 
dius of large tube)*, or 11.34 square centi- 
0.1522 


meters. Therefore, in terms of 2, 2= 11.34 


or 0.01342. 
Let p=atmospheric pressure, and p’=pres- 
sure on the sample after the CO? in it has 
been absorbed. Then p—p’ is the “dimin- 
ished ” pressure on the sample. 

Equating pressures on the two sides of 
the indicator before absorption (see fig. 6), 


Ficure 6.—Diagram of car- 


bon dioxide indicator. 4, 
gage glass; 2, sample 
chamber; 38, oil (specific 
gravity 0.848); 4, caustic 
solution (specific gravity 
1.11). a,b, c, and g, y, 
2 represent dimensions, p 
and p’, pressures. 


1.110-++0.848¢e—1.110=0 (1) 
After absorption— 
p—p’ = (b+2)1.11+ (e—z+-y) 0.848— (a—a) 1.11 (2) 
and therefore, 
p—p’=1.112z—0.8482+-0.8487+1.112 (2)—(1) 


Substituting equivalent values of «x: 


p—p’=1.155~2 centimeters of water, or 0.852x millimeters of mercury. 
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For a 5 per cent CO, mixture the sample volume after the carbon 
dioxide has been absorbed would be, from the curve }, 36.05 c.c. if 
measured under atmospheric pressure, but measured under the di- 
36.05 x 760.00 
760.00 — 0.8522" 

Therefore, the contraction of the sample corresponding to 5 per cent 
: 36.05 x 760.00 
CO, is 38.00 — 760 00 — 0.8522" 
0.1295”? —147.902+ 1481=—0. 
Solving, e=10.1 cm. | 


minished pressure it becomes 


or 


The contraction of the sample corresponding to this reading is 
10.10.152, or 1.54 c. c. The curve ¢, figure 5, was plotted through 


this point and is completely cor- 
d. This final tk ical 

10 Se sae es Ree recte is final theoretica 
PREECE 


calibration curve has been re- 
plotted in figure 7 to show di- 
rectly the ratio between “ Per 
cent CO, present” and the 
“Centimeters reading” (from 
the original to the final level of 
the solution in the gage glass). 


EXPERIMENTAL CALIBRATION, 


READING, CENTIMETERS. 


se ae The points in figure 7 repre- 
sent the results obtained with 
ree SS the indicator when it was used 
CARBON DIOXIDE, PER CENT. on ivixtures of air and carbon 
Ficure 7.—Calibration curves for the indi- dioxide which were prepared an 
cator for carbon dioxide in air. a, Theo- the laboratory and confined in 
retical calibration curve; b, experimental 4); aspirator bottle over oil. 
calibration curve. 

The true CO, content of these 
mixtures was determined by analysis with the Bureau of Mines 
Haldane gas analysis apparatus. Each point represents the average 
of three closely agreeing individual determinations of the same gas 
mixture with the indicator. 

It is seen from the curves that the experimental and theoretical 
calibrations are closely similar but not identical. Actually, a slightly 
smaller reading is obtained for air high in carbon dioxide than would 
be expected. This difference is probably due to a slight absorption of 
CO, which takes place while the sample is being taken, in spite of 
the layer of oil over the surface of the caustic solution. The rate 
of absorption of carbon dioxide by the solution increases as the 
partial pressure of the carbon dioxide in the sample is increased; 


bi 
LS 
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BUREAU OF MINES TECHNICAL PAPER 238 PLATE I! 


A. Indicator for carbon dioxide in B. Back view of indicator tor carbon 
flue gas. Front view. ee in flue gas; shows filter and 
cooler. 
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BUREAU OF MINES 


A. Case for indicator for carbon dioxide in flue gas. 
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B. 


TECHNICAL PAPER 238 PLATE II! 


Indicator for oxygeninair. Forcon- 
venience this indicator is mounted in 
the same case with the indicator for 
carbon dioxide inair. (See Pl. 1). 
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therefore the difference between the actual and the theoretical curves 
becomes greater with higher percentages of CO, The time of 
sampling is practically constant. The experimental calibration curve 
is a straight line, as is the theoretical curve. 

A scale, reading percentage of CO, directly, was prepared from 
the experimental calibration curve and fitted to the indicator. 


RESULTS OF AIR ANALYSES WITH THE INDICATOR. 


Mixtures of air, nitrogen, and carbon dioxide, prepared in the 
laboratory and confined over oil, were analyzed with the carbon 
dioxide indicator and the Haldane apparatus with the following 
results : 


Results of analyses of mixtures of air, nitrogen, and carbon diovide using the 
carbon dioxide indicator, compared with analyses using the Haldane ap- 
paratus. ; 


rao veeial Tercent- | Percent- 
age oO age o age of age of 
Indicator) (O) pres-| oxygen tare COypres-| oxygen 
Test No. percent} ent (by | present Test No. a cant ent (by t 
RS. »» | Haldane BO. »» | Haldane | (by Hal- 
* appara- * apparae | dane ap- 
tus). tus). | paratus). 
0.90 0.93 2.00 1.98 18.53 
89 -93 2.00 1.98 18.53 
85 93 
1.05 1.00 19.75 
75 -76 1,10 1.00 19.75 
-80 76 
-80 -76 - 80 -79 20.01 
+80 79 20. 01 
-60 - 60 
- 60 - 60 -70 -59 20.15 
-65 59 20.15 
4.10 3.98 
4.10 3.98 1.92 2.08 18.72 
1.89 2.08 18,72 
3.25 3.10 
3.20 3.10 
2.60 2.36 
2.60 2.36 


These results are satisfactory and show that this indicator gives 
the percentage of carbon dioxide in the air within about +0.2 per 
cent. 

Additional results obtained with the indicator for carbon dioxide 
in air are given in this paper under “ Tests of the Air in a Submerged 
Submarine with the Carbon Dioxide and Oxygen Indicators ” (p. 20). 


INDICATOR FOR CARBON DIOXIDE IN FLUE GAS. 
GENERAL DESCRIPTION. 


The indicator developed for the determination of carbon dioxide 
in flue gas is shown in Plate IT, A and B, and its case, in Plate ITI, A. 
Essentially it is like the instrument for carbon dioxide in air, but in 
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addition to the humidifier it has a filtering and cooling device so that 
a clean flue-gas sample is delivered into the sample chamber at the 
temperature of the indicator. The gage glass has a larger internal 
diameter and the sample taken is slightly 


smaller than in the indicator for carbon 


dioxide in air, so that flue-gas samples 
containing a larger amount of carbon Ps 
dioxide can be analyzed. The caustic 
solution is the same as that used in the indi- 


cator for air, and 32.5 


ce. c. of oil are used 


on its surface in the sample chamber. Tem- 


Figure 8.—Glass part of 
the indicator for carbon 
dioxide in flue gas. 


perature changes are 
less likely to affect 
the indications ob- 
tained because of the 
cooling device, and 
the fact that read- 
ings are not made 
closer than 0.1 per 
cent. The glass part 
of the detector is 
shown in figure 8, 
and the filter and 
cooler in figure 9. 
The cooling coil is 
copper tubing sur- 
rounded by a water 
jacket. 

The method of op- 
eration is the same 
as that described 
for the indicator for 
carbon dioxide in 
air, except that in 
taking the sample 
the liquid is blown 
by the operator to 
the base of the cap- 
illary tube and the 
needle valve closed. 


QUANDU UTE UOUCoG 


NUS 


Ficure 9.—Filter and cooler 


of the indicator for carbon 
dioxide in flue gas. a, Cop- 
per tube, s4-Inch outside di- 
ameter; gy-inch wall; 0b, 
soldered joints; c, asbestos 
fiber; d, wire gauze; e, 
inlet tube to be attached to 
rubber hand bulb. 


The gas sample is drawn from the stack through a tube by means 
of a hand bulb attached to the filter, and forced through the filter 
and cooler and out through the ball valve in the top of the humidi- 
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fier. Four or five slow squeezes on the bulb fill the cooler and 
humidifier with the gas. The opening over the top ball valve of 
the humidifier is then closed by placing a finger over it (in order 
to prevent the possibility of outside air being sucked in with the 
gas sample if the ball valve should leak) and the needle valve 
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CARBON DIOXIDE, PER CENT. 
Fieure 10.—Curves showing steps in the calculation of the 
theoretical calibration for the indicator for carbon dioxide 
in flue gas: a, Measured under atmospheric pressure and 


humidity ; b, measured under atmospheric presen’ portent’ 
for humidity ; ce, corrected for pressure and humidity, 


carbon dioxide. 


opened. When 
the sample is 
drawn in, the 
needle valve is 
closed, the indi- 
cator shaken, and 
the percentage of 
CO, read as for 
the other instru- 
ment. 


THEORETICAL CALI- 
BRATION, 


A theoretical 
calibration was 
calculated for this 
indicator. In fig- 
ure 10, the curve 
@ represents the 
relationship be- 
tween the percent- 
age of CO, present 
and the equivalent 
contraction of the 
sample, which is 
assumed to have 
the same humid- 
ity and be under 
the same pressure, 
before and after 
absorption of the 


Thus with 12 per cent CO, present, the contraction 


would be 12 per cent of 32.5 ¢. ¢., or 3.90 c. ¢., which is one point 


on the curve. 


This curve corrected for humidity becomes curve 6 (fig. 10). 


The 


average amount of water vapor removed from the humidified sample 
at ordinary temperatures by the caustic solution is +745X382.5 ¢. ¢., or 


0.04 ¢. ¢. 


This is a constant, independent of the amount of CO, 


present, and when applied to curve a gives the curve 6, 
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The curve } corrected for the diminished pressure under which the 
sample is measured after absorption of the CO,, becomes the curve 
e (fig. 10). 

The point on this curve corresponding to 12 per cent carbon 
dioxide was calculated in the same way that the similar point was 
calculated for the indicator for carbon dioxide in air (the diameter 
of the gage glass being taken as 7.4 mm. and the volume of the sample 
as 82.5 c. c.) and found to be 8.48 centimeters. The contraction of 
the sample corresponding to this reading is 8.480.480, or 3.64 ¢. ¢. 
This theoretical calibration curve has been replotted in figure 11, to 
show directly the ratio between 
“Percentage CO, present” and the 
“Centimeters reading.” 


EXPERIMENTAL CALIBRATION, 


The points in figure 11 represent 
the results obtained with the in- 
dicator when it was used to analyze 
mixtures of air and carbon dioxide 
which were prepared in the labora- 
tory and confined in an aspirator 
bottle over oil, the true carbon di- 
oxide content of these mixtures 
being determined with the Bureau 
of Mines, Haldane gas analysis ap- 

02 4 6 8 0 12 4 16 18 paratus. 

CARBON DIOXIDE, PER CENT. The experimental calibration 
Proves 11—Cattvation career OF M curve for this instrument, from 

gas: a, Theoretical calibration curve; Which the scale was constructed, 

b, experimental calibration curve. was an average curve and is not 
identical with the theoretical curve. The difference is probably due 
partly to absorption of CO, while the sample was being taken and 
partly to the difficulty of satisfactorily taking an accurate gas sample 
with the indicator and adjusting it to atmospheric pressure in the 
laboratory. The indicator functioned satisfactorily when used in 
practice to take samples of flue gas from a stack. 


READING, CENTIMETERS. 


RESULTS OF FLUE GAS ANALYSES WITH THE INDICATOR, 


The carbon dioxide indicator for flue gas was used to determine 
carbon dioxide in stack gases at the power plant of the Pittsburgh 
experiment station of the bureau. Check samples were analyzed 
with an interferometer calibrated for carbon dioxide. The follow- 
ing results were obtained: 
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Determination of CO: in stack gases of Pittsburgh station plant with indicator, 
checked by interferometer. 


Temper- 
7, piu 
cw-m). | cate, 


Test No. 


These results are satisfactory. 

The smokestack at the bureau’s experimental mine was tapped and 
determinations made with the indicator. At the same time check 
samples were obtained for analysis in the gas laboratory of the bu- 
reau, by mercury displacement in sample bottles. However, it took 
some time to obtain the check sample, and therefore three or four de- 
terminations were made with the indicator and these results aver- 
aged to approximate the check sample. 

The following results were obtained : 


Determinations of COz in stack gases at expcrimental mine plant, with indicator, 
checked by analyses with Haldane apparatus. 


Percent- | Pereent-| Temper-|  poitor. 


age of ature 
ze of , ms room 
Test No. Time 5 co by of water temper- Remake: 
(p.m.).| jn? | Haldane in t mar 
whee appa- | cooler, | “CUR 
ted. ratus. °C. c 


.| Fire stirred up before sam- 
pling. 


Boiler fired before sampling. 


These results agree well, considering the method used for taking 
the check samples. The indicator was easy to handle and could be 
operated rapidly. The temperature of the water in the cooler 
changed about 1.3° C. during the time the analyses were run. The 
accuracy obtained was about +0.5 per cent. 
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INDICATOR FOR OXYGEN IN AIR. 
GENERAL DESCRIPTION. 


The indicator for oxygen in air was mounted in a case, together 
with the carbon-dioxide indicator (see Pl. II, p. 12), and is shown in 
Plate III, B (p. 13). The glass part is shown in figure 2 (p. 5). 

This indicator is much like those previously described. The oxygen 
is absorbed in an alkaline pyrogallate solution, which was made by 
dissolving 120 grams of potassium hydroxide in 80 ¢. ec. of water 
and mixing it with 5 grams of pyrogallic acid dissolved in 15 ¢. ¢. of 
water. The solution deteriorates rapidly when exposed to the air 
and must be kept in tightly stoppered containers when not in the 
indicator. This solution is a relatively slow absorbent for oxygen, 
and it is neither necessary nor desirable to cover the solution with 
as large a quantity of oil as is needed for the CO, indicator. Tene. c. 
of Russian white oil was found to be a proper quantity to use. The 
solution was changed when complete absorption was not obtained 
with four minutes of shaking. 

As the alkaline pyrogallate solution also absorbs carbon dioxide 
readily, this gas was removed from the incoming air sample by fasten- 
ing a long brass tube, filled partly with granular soda lime and partly 
with calcium chloride, to the needle valve, in place of the humidifier 
used on the instrument for CO, in air. This device really makes the 
indicator read percentage of oxygen in a CO, free sample, but for the 
amount of carbon dioxide ordinarily encountered the reading is the 
percentage of O, in the air within the limits of error of the instru- 
ment. As the indicators for carbon dioxide and oxygen are usually 
used together, it is easy to introduce a correction factor for the oxygen 
when the carbon dioxide is very high. The soda lime tube was capped 
when not in use, to prevent deterioration. The vapor pressure of the 
pyrogallate solution is very low (approximately 0.4 mm. at 18° C.), 
therefore it is necessary to dry the air sample and not humidify it. 
The calcium chloride accomplishes this result and is put into the 
upper third of the tube. 

As this indicator must be calibrated to record the percentage of 
oxygen in normal air, the gage glass must be large. The tube used 
was 8.0 mm. in diameter, and the sample chamber had a volume of 
28 ¢.c. The percentage of oxygen in air samples is always compara- 
tively high, therefore special care must be taken to have the liquid at 
its proper level in the sample chamber and gage glass when the needle 
valve is open, because a slight change in the volume of the sample 
taken has an appreciable effect on the percentage of oxygen indicated. 

This instrument is operated in exactly the same way as the indi- 
cator for carbon dioxide in air. 
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THEORETICAL CALIBRATION. 


A theoretical calibration was calculated for this indicator, as 
follows: 

On the assumption that the sample has the same humidity and is 
under the same pressure before and after absorption of the oxygen, 
with 21 per cent of oxygen present the contraction would be 21 per 
cent of 28 c. ¢., or 5.88 ce. c. As the humidity of the sample before 
and after absorption is practically the same, it is only necessary, in 
order to obtain the theoretical calibration curve, to correct for the 
diminished pressure under which the sample is measured after the 
oxygen is absorbed. The final curve will be a straight line, showing 
that the reading is zero when there was no oxygen originally present. 
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OXYGEN, PER CENT. 


Fieurn 12,—Calibration curves for the Indicator for oxygen in air. a, Theoretical curve; 
b, experimental curve. 


The calculation for this curve was made in a similar way to that for 
the indicator for carbon dioxide in air. The 21 per cent oxygen 
point was found to be at 10.90 em., taking the diameter of the gage 
tube as 8.0 m.m., the sample volume as 28 ¢.¢., and the specific 
gravity of the pyro solution as 1.52. 

That is, theoretically the distance between the original and final 
level of the liquid in the gage glass should be 10.90 em. when the 
sample taken for analysis contains 21 per cent oxygen. Through this 
point the theoretical calibration curve shown in figure 12 is drawn. 
The experimental calibration curve, however, drawn to average the 
points which are results of actual analyses made with the indicator, 
falls slightly below this line. This difference is probably due to slight 
absorption of the oxygen while the sample is being taken. 
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RESULTS OF AIR ANALYSES WITH THE INDICATOR. 


Mixtures of air, nitrogen, and carbon dioxide prepared in the labo- 
ratory and confined over oil, were analyzed with the oxygen indicator 
with the following results: 


Readings with orygen indicator, checked by analyses with Haldane apparatus. 


Actual is saa 
rcent- |Percen: per: 
ior osc of of biel oe gl 
reading, | oxygen resen' . r 
Test No. r cent t y Hal- Test No. per cent 
oxygen. & oxygen. 
C-246-1... 20.0 18.4 
p “19.9 18.3 
3... 19.8 ‘ia 
C-247-1... 20.2 19.1 
ace 20.2 
3.. 20.2 a : 
20.3 : 
20.4 20.1 
20.3 20.1 
16.4 20.1 
16.7 20.1 
17.75 19.0 
17.5 19.8 


These results are satisfactory and show that this indicator gives 
the percentage of oxygen in the air within about + 0.5 per cent. 
Additional results obtained with the oxygen indicator are given in 
the following paragraphs. 


TESTS OF THE AIR IN A SUBMERGED SUBMARINE WITH THE 
CARBON DIOXIDE AND OXYGEN INDICATORS. 


The oxygen and carbon dioxide indicators were used to test the 
air in a submerged submarine on August 1, 1918. The indicators, 
together with a portable Orsat gas analysis apparatus, were taken 
on board the submarine and analyses of the air in the boat were 
made every half hour, during a five-hour submersion. The follow- 
ing results were obtained : 


Results of tests of air in a submarine with the carbon diovide and orygen 
indicators, 
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The results obtained by the indicators checked very well with those 
by the Orsat apparatus. The moisture content in the atmosphere 
was rather high during the submersion. 
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PUBLICATIONS ON NATURAL GAS AND INDUSTRIAL GASES. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until 
the edition is exhausted. Requests for all publications can not be 
granted, and, to insure equitable distribution, applicants are re- 
quested to limit their selection to publications that may be of es- 
pecial interest to them. Requests for publications should be ad- 
dressed to the Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications 
available for free distribution, as well as those obtainable only from 
the Superintendent of Documents, Government Printing Office, on 
payment of the price of printing. Interested persons should apply 
to the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION, 


BUuetTin 6. Couls available for the manufacture of illuminating gas, by A. H. 
White and Perry Barker, compiled and revised by H. M. Wilson, 1911. 77 pp., 
4 pls., 12 figs. 

Butietin 55. The commercial trend of the producer-gas power plant, by 
R. H. Fernald. 1913. 93 pp., 1 pl, 4 figs. 

Butietin 89. Economie methods of utilizing western lignites, by E. J. Bab- 
eock. 1915. 74 pp., 5 pls., 5 figs. 

TECHNICAL Paver 9. The status of the gas-producer and of the internal-. 
combustion engine in the utilization of fuels, by R. HW. Fernald, 1912. 42 pp., 
6 figs. 

TECHNICAL PaPer 38. Wastes in the production and utilization of natural 
gas, and methods for their prevention, by Ralph Arnold and F. G. Clapp. 
1913. 29 pp. 

TECHNICAL Paper 106, Asphyxiation from blast-furnace gas, by F. H. Will- 
cox. 1916. 79 pp., 8 pls., 11 figs. 

TECHNICAL PAPER 112. The explosibility of acetylene, by G. A. Burrell and 
G. G. Oberfell. 1915, 15 pp. 

TECHNICAL PAPER 131. The compressibility of natural gas at high pressures, 
by G. A. Burrell and I, W. Robertson. 1916. 11 pp., 2 figs. 

TECHNICAL PAPER 158. Compressibility of natural gas and its constituents 
with analyses of natural gas from 381 cities in the United States, by G. A. Bur- 
rell and I. W. Robertson. 1917. 16 pp., 9 figs. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE 
SUPERINTENDENT OF DOCUMENTS. 


Buttetin 4. Features of producer-gas power-plant development in Europe, by 
R. H. Fernald. 1910. 27 pp., 4 pls., 7 figs. 10 cents. 

BULLETIN 7. Essential factors in the formation of producer gas, by J. K. 
Clement, L. H. Adams, and C. N. Haskins. 1911. 58 pp., 1 pl., 16 figs. 10 cents. 

BuLtETIn 9. Recent development of the producer-gas power plant in the 
United States, by R. H. Fernald. 1910. 82 pp., 2 pls. 15 cents. 
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BULLETIN 13. Résumé of producer-gas investigations, October 1, 1904, to June 
30, 1910, by R. H. Fernald and C. D. Smith. 1911. 3803 pp., 12 pls., 250 figs. 
65 cents. 

BULLETIN 19. Physical and chemical properties of the petroleum of the San 
Joaquin Valley, Cal., by I. C. Allen and W. A, Jacobs, with a chapter on analyses 
of natural gas from the southern California oil fields, by G. A. Burrell. 1911. 
60 pp., 2 pls., 10 figs. 10 cents. 

Buttetin 31. Incidental problems in gas-producer tests, by R. H. Fernald, 
C. D. Smith, J. K. Clement, and H. A. Grine. 1911. 29 pp., 8 figs. 5 cents. 

BuLuetTin 42, The sampling and examination of mine gases and natural gas, 
by G. A. Burrell and F. M. Seibert. 1913. 116 pp., 2 pls., 23 figs. 20 cents. 

BuLietin 88, The condensation of gasoline from natural gas, by G. A. Bur- 
rell, F. M. Seibert, and G. G. Oberfell. 1915. 106 pp., 6 pls. 18 figs. 15 
cents, . 

Butietin 109. Operating details of gas producers, by R. H. Fernald. 1916. 
74 pp. 10 cents. 

TECHNICAL Paver 3. Specifications for the purchase of fuel oil for the Gov- 
ernment, with directions for sampling oil and natural gas, by I. C. Allen. 1911. 
13 pp. 5 cents. 

TECHNICAL PAPER 10, Liquefied products of natural gas, their properties and 
uses, by I. C. Allen and G. A. Burrell. 1912. 23 pp. 5 cents. 

TECHNICAL Paper 20. The slagging type of gas producer, with a brief report 
of preliminary tests, by C. D. Smith. 1912. 14pp.,1 pl. 5 cents. 

TECHNICAL PAPER 54. Errors in gas analysis due to the assumption that the 
molecular volumes of all gases are alike, by G. A. Burrell and F. M. Seibert. 
1913. 16 pp., 1 fig. 5 cents. 

TECHNICAL PAPER 57. A preliminary report on the utilization of petroleum 
and natural gas in Wyoming, by W. R. Calvert, with a discussion of the suit- 
ability of natural gas for making gasoline, by G. A. Burrell. 1913. 23 pp. 
5 cents. 

TECHNICAL Parer 104. Analysis of natural gas and illuminating gas by frac- 
tional distillation in a vacuum at low temperatures and pressures, by G. A. 
Burrell, F. M. Seibert, and I. W. Robertson. 1915. 41 pp., 7 figs. 5 cents. 

TECHNICAL Paper 109. Composition of the natural gas used in 25 cities, with 
a discussion of the properties of natural gas, by G. A. Burrell and G. G. Ober- 
fell. 1915. 22 pp. 5 cents. 

TECHNICAL Paper 120. A bibliography of the chemistry of gas manufacture, 
by W. F. Rittman and M. C. Whittaker, compiled and arranged by H. 8S. 
Howard. 1915. 30 pp. 
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